Background: Bronchiectasis develops along the natural course of several respiratory and systemic conditions and induces significant changes in the morphofunctional structure of airways. Our objective was to assess the impact of various causes of bronchiectasis on clinical data, pulmonary function tests, and high-resolution computed tomography (HRCT).
Br onchiectasis is defined as an abnormal, permanent, and irreversible dilatation of the bronchia due to the destruction of the elastic and muscular components of their walls. 1, 2 That condition represents the final common pathway of several respiratory and systemic diseases. 3, 4 Its incidence exhibits wide variation among different populations, ranging from 3.7/100,000 children in New Zealand to 52/100,000 adults in the United States. 2 This wide variation might be accounted for by the use of different diagnostic methods and different criteria for patient selection. 5, 6 In a study of patients with bronchiectasis conducted in Hong Kong, Chan et al 7 found a prevalence of 19%. In Brazil, Bogossian et al 8 assessed 314 individuals with bronchiectasis and found that a high percentage of the cases (42.7%) corresponded to sequelae of tuberculosis, while the remainder of the cases (57.3%) was due to other causes.
In the past, bronchiectasis was considered an orphan disease; however, following the advent of high-resolution computed tomography (HRCT), the number of cases diagnosed increased worldwide. [6] [7] [8] [9] HRCT is the best available method to establish the presence and distribution of bronchiectasis, with 96% sensitivity and 93% specificity. 10 HRCT is able to assess the structural damage caused by bronchiectasis, including the number of affected bronchopulmonary segments. Interestingly, the severity of bronchiectasis bears correlations with the measures of airway obstruction. 2 Impaired lung function in patients with bronchiectasis usually leads to an obstructive defect. 11, 12 The mechanisms of airway obstruction are not fully known but possibly involve the collapse of large airways at expiration, the bronchial wall thickening, retention of endobronchial secretion, and obliterative bronchitis. 13, 14 Interestingly, many patients with bronchiectasis may also show a concomitant restrictive defect. Some authors believe that the progressive bronchiectatic changes may be the cause of the mixed pulmonary function defect. 15 Impaired pulmonary function is of prognostic importance in bronchiectasis. In these patients, Ip et al 16 showed that factors significantly associated with worse lung function were longer duration of disease, diffuse disease, older age, bronchial hyper-responsiveness, concomitant asthma, and more systemic inflammation. The degree of impaired pulmonary function in patients with bronchiectasis depends also on the associated clinical conditions, in particular tobacco smoking, which accelerates the obstructive damage and reduces the pulmonary function by approximately 15%. 17, 18 Among the studies assessing pulmonary function in adults with bronchiectasis, many included a significant proportion of smokers, and some have not excluded the results of patients with a lung resection from the analysis. 2 Although many studies sought to assess the factors associated with the deterioration of pulmonary function in individuals with bronchiectasis, [19] [20] [21] [22] [23] none measured the isolated effect of its different causes. Therefore, the aim of the present study was to assess the impact of the various causes of bronchiectasis on clinical features, pulmonary function tests, and HRCT.
Methods

Patients
The present report was a cross-sectional study conducted with 179 consecutive patients recruited at the Newton Bethlem Medical Care Centre, Rio de Janeiro and the Pedro Ernesto University Hospital, Rio de Janeiro, Brazil, which are two referral centers that follow the majority of patients for many years. The study included individuals diagnosed with bronchiectasis based on the HRCT findings 24 who were clinically stable (absence of respiratory infection in the 4 weeks preceding the study), had no history of smoking, and were ≥18 years of age. Individuals with a history or diagnosis of asthma or a pleural or cardiovascular disease were excluded, as were the patients who had been subjected to a lung resection or used oral corticosteroids in the 4 weeks preceding the study. In addition, individuals for whom the cause of bronchiectasis could not be established or was doubtful and those with traction bronchiectasis secondary to an interstitial lung disease were excluded.
The participants were divided into five groups based on the etiology of bronchiectasis, as follows: sequelae of tuberculosis, history of non-tuberculosis infection, cystic fibrosis (CF), primary ciliary dyskinesia (PCD), and rheumatoid arthritis. The characterization of the etiology of bronchiectasis was based on chart review, where we seek to find certain criteria. Patients were diagnosed with pulmonary tuberculosis if Mycobacterium tuberculosis was isolated from their sputum or tissue specimens by mycobacterial culture. 25 Etiology of bronchiectasis was attributed to non-tuberculosis infection if bacterial or viral infections were well documented in the medical records. 26 The diagnosis of CF was based on at least two of the following criteria: sweat chloride concentration >60 mEq/mL, two clinical features consistent with CF, or genetic testing demonstrating two mutations associated with CF. 27 The diagnosis of PCD was made clinically and confirmed through transmission electron microscopy. 28 The diagnosis of rheumatoid arthritis was made by a rheumatologist according to the American College of Rheumatology/European League Against Rheumatism collaborative initiative. 29 The study was approved by the institutional research ethics committee. All participants provided informed consent.
Clinical Data and Pulmonary Function Tests
Clinical data were obtained through questionnaires and medical records. Dyspnea was assessed by means of the modified Medical Research Council (MRC) scale. 30 Hemoptysis was defined as bleeding originating from the lower respiratory tract 31 experienced at any time after the patient was diagnosed with bronchiectasis. Severity of hemoptysis was recorded if the hemoptysis led to hospitalization or required medical intervention beyond antibiotic therapy.
Spirometry, whole-body plethysmography, and measurement of the diffusing capacity for carbon monoxide (DLco) were performed using the computerized Collins Plus Pulmonary Function Testing Systems (Warren E. Collins, Inc., Braintree, MA, USA). To evaluate the bronchodilator response, the use of short-acting inhaled bronchodilators and long-acting inhaled bronchodilators before the test for 4 hours and 12 hours, respectively, was not allowed. 31 All tests followed the standards formulated by the American Thoracic Society (ATS). 32 The forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1 ), peak expiratory flow (PEF), mean expiratory flow between 25% and 75% of FVC (FEF 25-75% ), total lung capacity (TLC), residual volume (RV), and DLco were measured. Bronchodilator response was identified based on the presence of a variation of 12% and 200 mL in FEV 1 or FVC after the use of 400 µg of inhaled albuterol. 32 Pereira's (spirometry) and Neder's (static lung volumes and DLco) equations were used in the interpretation of the functional parameters. 33, 34 Airflow obstruction was defined by an FEV 1 /FVC value < 70% of predicted. A restrictive pattern was defined as the presence of a TLC < 80% of predicted; this cutoff point was also used to define abnormality in DLco.
32,35
High-Resolution Computed Tomography
The computed tomography (CT) images were recorded in a helical CT scanner with 64 channels (Brilliance 40, Philips Medical Systems, Cleveland, OH, USA). The readout time was set to 4 seconds, with an X-ray tube current of 458 mA and voltage of 120 kVp. Each image acquisition consisted of a block with 250 to 400 2-mm-thick cross sections separated by 1 mm. The images were represented by a square matrix of 768 rows and 768 columns and were recorded without gantry tilt. For all subjects, end-inspiratory scans were obtained. An iodinated contrast agent was not used in any of the examinations. The extent of bronchiectasis was established by the modified scale described by Bhalla et al 36 , which ranges from 0 to 18. Each lung lobe (considering the lingual and middle lobe as independent) was scored as follows: 0 = no bronchiectasis; 1 = one or partial bronchopulmonary segment involved; 2 = two or more bronchopulmonary segments involved; and 3 = generalized cystic bronchiectasis. The HRCT scans were interpreted simultaneously by two radiologists who were blinded to the patients' data. The final decision was made by consensus.
Data Analysis
Quantitative data were expressed as the mean and standard deviation. Categorical variables were described using the relative values and expressed as a percentage. Comparisons of the anthropometry, clinical data, high-resolution CT, and pulmonary function tests according to the different causes of bronchiectasis were examined using the analysis of variance (ANOVA) followed by Bonferroni's post-hoc test. The frequencies between those individuals who had or did not have a history of hemoptysis were compared using the chisquared test. Pearson correlation coefficient was calculated to investigate the association between pulmonary function and HRCT score. A multifactorial variance analysis was performed to investigate the association between pulmonary function, different etiologies of bronchiectasis, and the possible confounders. This analysis allowed the inclusion of predictor variables (covariates) and allowed assessment of the impact of multiple covariates in the same model. This model was designed to analyze the FEV 1 or DLco as the dependent variable with covariates of body mass index (BMI), history of hemoptysis (yes/no), duration of symptoms, dyspnea, HRCT score, and different causes of bronchiectasis. The analyses were performed using SigmaStat for Windows, version 3.5 (Systat Software, Inc., Chicago, IL, USA). Statistical significance was established as P <0.05.
Results
Each subject was tested with a maximum interval of one week. The evaluation was performed consecutively and in the following sequence: clinical, HRCT, and pulmonary function tests.
A total of 179 non-smokers who were diagnosed with bronchiectasis were assessed. Of these, 67 were excluded due to the following reasons: cause of bronchiectasis not established or questionable (35) , history of asthma (18) , bronchiectasis associated with interstitial lung disease (10) , and history of lung resection (4) . Of the 112 individuals who were included in the study, 34 had sequelae of tuberculosis, 29 had a history of non-tuberculosis infections, 21 had CF, 11 had PCD, and 17 had rheumatoid arthritis.
The anthropometric and clinical data, HRCT findings, and pulmonary function tests results corresponding to the full sample are described in table 1. Most participants were female (66.9%), and the average age of the participants was 48.1±19.5 years. The pulmonary function was normal in 28.6% of the volunteers; however, 48.2% exhibited obstructive defect, 7.1% had a restrictive defect, and 16.1% showed a mixed pattern. The DLco was normal in 52.7% of the sample and was reduced in 47.3%. 2 ) and average age (25.2±6.05 years old). Among 21 patients with CF, all had at least one sweat chloride concentration >60 mEq/mL, 9 were homozygous for ΔF508, and 18 had pancreatic insufficiency. In our sample of CF patients, 14 subjects were chronically infected by Pseudomonas aeruginosa, 5 were chronically infected by both P. aeruginosa and Burkholderia cepacia complex, and 6 patients had no chronic pulmonary infection. Hemoptysis was frequently found among the participants with CF (66.7% of the cases) and those with sequelae of tuberculosis (58.8% of cases). A hemoptysis that led to hospitalization or required medical intervention beyond antibiotic therapy was reported in 8 patients with sequelae of tuberculosis and 4 subjects with CF. The highest HRCT score was exhibited in patients with CF (6.03±1.03). All variables were assessed in a multifactorial variance model (table 4) . The covariates having significant associations with FEV 1 were the etiology of bronchiectasis, HRCT score, and dyspnea (figures 1 and 2). In this model, the etiology of bronchiectasis, HRCT score, dyspnea, and history of hemoptysis were associated with the DLco. 25-75% , mean expiratory flow between 25% and 75% of FVC; TLC, total lung capacity; RV, residual volume; DLco, diffusing capacity for carbon monoxide. * P value < 0.005 compared to patients with history of non-tuberculosis infection by using the Bonferroni multiple-correction test. † P value < 0.005 compared to patients with primary ciliary dyskinesia by using the Bonferroni multiplecorrection test. ‡ P value < 0.005 compared to patients with cystic fibrosis by using the Bonferroni multiple-correction test. § P value < 0.005 compared to patients with sequelae of tuberculosis by using the Bonferroni multiple-correction test. Values in bold refer to significant differences.
Discussion
The main findings of the present study were the following: (a) among adults with bronchiectasis, the presence of hemoptysis, degree of dyspnea, and HRCT score vary as a function of the etiology of disease; and (b) the abnormal changes in the pulmonary function depend on the etiology of disease. To the best of our knowledge, no previous study focused on the impact of the various causes of bronchiectasis on the patients' clinical data, pulmonary function tests, and HRCT.
Most of the participants in the present study had a history of lung infection, which agrees with the reports in the literature and with the local epidemiological conditions relative to the occurrence of acute respiratory infections and pulmonary tuberculosis, with the corresponding bronchopulmonary sequelae. 37 In Brazil, Bogossian et al 8 studied 314 individuals with bronchiectasis and found that it manifests at around the fifth decade of life and mostly in females, which corresponded to 65% of that sample. Alternatively, Gomes Neto et al 38 found that the disease affected the economically active population, that is, individuals who were 28 to 48 years of age. In the present study, the participants with CF exhibited a lower average age (25.2±6.05 years old; P < 0.001), which is justified by the fact that CF is a genetic disorder attended by early lung affection. 39 Because of the wide spread use of HRCT at the present time, bronchiectasis is being diagnosed more often and earlier than in the past. 23 Application of the modified Bhalla scale to the analysis of the extension of bronchiectasis by HRCT 36 resulted in an average score of 5.13±1.86, which is higher than the one found by Martínez-García et al 20 (4.40±0.27 ). This discrepancy might be accounted for by the inclusion of individuals with CF in our study, as that group exhibited the highest average score by the HRCT (6.03±1.03).
Upon assessment of the pulmonary function of the participants, the most frequent pattern found corresponded to airflow Table 4 . Multifactorial variance analysis: relationship between the pulmonary function, clinical data, high-resolution computed tomography, and different etiologies of bronchiectasis of the studied subjects (only statistically significant associations are shown). obstruction, 2 as it was exhibited by 48.2% of the sample. The reduction of the DLco (that occurred in 47.3% of our sample) has been associated with more advanced stages of disease, which might possibly be a relevant characteristic of our sample. 40 1 and FVC in individuals with post-tuberculosis bronchiectasis might be due to a greater severity and intensity of the bronchial and parenchymal damage; in addition, the reduced FVC might denote an airway obstruction by mucus or an airway collapse. 18 Conversely, the course of bronchiectasis due to repetitive pneumonia is milder, with a low degree of underlying fibrosis, and is almost always located in the same lung area. These facts might at least partially account for the lesser impact of bronchiectasis on the pulmonary function tests of that particular group of individuals in the present study. It is worth noting the considerable degree of air trapping in patients with CF and PCD, which is compatible with the physiopathology of those conditions. 41 We also investigated whether the clinical data, HRCT score, different causes of bronchiectasis, and anthropometric characteristics would demonstrate an independent role in predicting pulmonary function. In this investigation, the etiology of bronchiectasis, HRCT score, and dyspnea were covariates for both FEV 1 and DLco. Roberts et al 42 found that the reduction of FEV 1 correlated with higher scores for the MRC dyspnea score and with the expansion of disease via HRCT. Interestingly, Zhou et al 43 found that the prevalence of bronchiectasis in individuals age ≥ 40 years bears correlation with several factors, including respiratory infections during childhood and tuberculosis. Using a multivariate regression model, Lee et al 19 found that the HRCT score was the main independent predictor of FEV 1 . However, those authors excluded individuals with post-tuberculosis bronchiectasis from their sample. In a study with 91 patients, Loebinger et al 44 found that a reduction of the DLco is a key indicator of the prognosis of mortality among individuals with bronchiectasis. According to those authors, in some individuals with bronchiectasis, the reduction of the DLco is due to pulmonary hypertension.
Unstandardized coefficient
A critical analysis of the results and limitations of the present study is necessary. First, there are a small number of patients in each group. However, we used several exclusion criteria to assess more reliably the results of pulmonary function tests. Second, the inclusion of patients with bronchiectasis due to immunodeficiency or nontuberculous mycobacterial lung disease could allow a more accurate assessment of the impact of the causes of bronchiectasis on the variables studied. Third, the present report was a cross-sectional study including clinically stable patients. Future studies should approach the analysis of pulmonary function tests and HRCT findings relative to the long-term results and their role in acute exacerbations. Fourth, the volunteers were recruited at two centers, which might hinder the generalization of the results. Finally, the HRCT assessment was performed consensually by two radiologists, rather than by independent examiners. Nevertheless, we believe that this assessment was not significantly affected, as the radiologists were blinded to the remainder of the participants' data.
The strength of this study is that a relatively large number of subjects were evaluated in a systematic fashion. Moreover, this study assessed the impact of the various causes of bronchiectasis in a series of measurements that may have relevance for clinical interventions. A high frequency of severe hemoptysis in patients with post-tuberculosis bronchiectasis raises the possibility of more aggressive intervention to prevent bleeding. High HRCT scores and extensive air trapping in patients with PCD point out the need for clinical trials aiming at assessing the impact of mucolytic therapy in these patients.
To conclude, the results of the present study show that in adults with bronchiectasis, the abnormal changes in pulmonary function depend on the cause of the underlying disease and, to a lesser degree, on the HRCT score, degree of dyspnea, and history of hemoptysis. In addition, the individuals with posttuberculosis bronchiectasis exhibited lower values of FEV 1 , TLC, and DLco. The adults with CF and bronchiectasis exhibited higher HRCT scores and a greater degree of air trapping, as denoted by the RV values.
